The jelly palm plant [Butia capitata (Martius) Beccari] is a native palm of the Cerrado biome used for many purposes in northern Minas Gerais State, Brazil. Dormancy is common in palm seeds, resulting in slow and uneven germination that may take years to complete. Modification in the growth pattern, anatomical parameters, physiological and biochemical characteristics of the plant can be verified due to changes in the light spectrum transmitted through colored shade nets used. Therefore, the objective of this study is to evaluate the effect of colored shade nets on the leaf and root anatomy of the jelly palm plant. The experiment was performed in a completely randomized design, with five treatments, ten replicates and eight plants per replicate, totaling 400 plants. Four were considered as the control group. Leaf and root anatomical analysis was performed on 10 plants per treatment. It is possible to conclude that the colored shade nets caused changes in leaf and root anatomy of the jelly palm plant (Butia capitata).
INTRODUCTION
The jelly palm plant [Butia capitata (Martius) Beccari] is a native palm of the Cerrado (neotropical savanna) biome used for many purposes in northern Minas Gerais State, Brazil (Lorenzi et al. 2010) . The fruits can be consumed fresh or used to prepare juices, ice cream and popsicles, or processed in the form of a pulp that is widely used and valued in the region (Faria et al. 2008) .
Dormancy is common in palm seeds, resulting in slow and uneven germination that may take years to complete (Orozco-Segovia et al. 2003) . Germination in Arecaceae is complex due to the anatomical and physiological characteristics of their diaspores, and several types of dormancy have been reported (Orozco-Segovia et al. 2003, Baskin and Baskin 2014) which limit the generation of
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natural populations as well as the commercial cultivation of this species. The use of colored shade nets can be an appropriate strategy for the fast growth and development of plants. This agricultural technology combines the property of protecting the growth environment with a differential filtering of the solar radiation, which may promote desirable physiological responses regulated by the light (Henrique et al. 2011) .
As light is the key resource for photosynthesis, plants acclimate to the light environment under which they are grown to maintain performance and fitness. Acclimation involves altering metabolic processes (including light harvesting and CO 2 capture) brought about by a range of mechanisms, from adjustments to leaf morphology to changes in photosynthetic apparatus stoichiometry (Terashima et al. 2006, Kono and Terashima 2014) .
The black shade net is considered neutral; it reduces the incident radiation over the plants without influencing the quality of light spectrum. The red shade net reduces the blue, green and yellow light waves by increasing the wave spectrum of red and far red light and with transmittance to wavelengths superior to 590 nm (Nomura et al. 2009 , Costa et al. 2012 . The silver shade net (Aluminet®) changes the property of radiation and increase its reflection, besides permitting temperature control (Polysack Indústrias Ltdas. s. d. 2011). In contrast, the white shade net does not interfere with the light spectrum transferred (Henrique et al. 2011) .
Based on the light spectrum transmitted by the nets, it is possible to verify modifications in the standard growth (Macedo et al. 2011 ) and changes in various anatomical, physiological, morphological and biochemical characteristics of plants (Brant et al. 2009 ). Modifications to leaf anatomy in some plants were observed due to the utilization of colored shade nets, for example in Musa spp. (Silva et al. 2014) , Tamarindus indica (Silva et al. 2015) and Malus domestica (Solomakhin and Blanke 2010) .
Knowing that colored shade net can alter the anatomical structures of plants, this study was conducted with the objective of evaluating the effect of colored shade net on leaf and root anatomy of the jelly palm plant.
MATERIALS AND METHODS
The experiment was conducted in the experimental field of the Horticulture Department at the Federal University of Lavras (UFLA). The experimental site was located at 21º14' S, longitude 45º 00' W with an altitude of 918 m a.s.l. According to the climatic classification by Köppen, the climatic condition of the site is CWa (Dantas et al. 2007 ).
The jelly palm fruits (Butia capitata) were collected from the 2014/15 season in the locality of Mirabela in the north part of the state of Minas Gerais. The pulp was removed manually and driedin the shade for four days. Subsequently were taken to the Plant Tissue Culture Laboratory of the Department of Agriculture, UFLA. The seeds were removed from the endocarp with the help of a table clamp.
The seeds were treated with a fungicide using carboxin-thiram (Vitavax®-thiran 200 SC) at its pure concentration and kept for four hoursin the shade. The seeds were then taken to a laminar flow chamber; the operculum was removed from the embryonic cavity and sown in a plastic dish containing a medium texture vermiculate substrate (60 mg) plus 300 ml distilled water. Each dish contained 50 seeds.The dishes were placed in a BOD incubator ata constant temperature of 30ºC and 80% relative humidity with a photoperiod of 12 h for 30 days until full germination. Thereafter,the plants were transferred to pots containing the substrate of distroferric red clay latosoil (characteristic of the region), sand and organic matter in a proportion of 2:1:1 (v/v/v) and irrigated periodically. thickness of epidermis (mm) and parenchyma (mm), number of conductor vessels and root area (mm) were determined in the root transverse sections. For the stomatal characterization, the stomatal density (number of stomata per mm 2 ) and the polar diameter/equatorial diameter (PD/ED) rate relation were determined using an Olympus CBB microscope and Ken-a-vision 2100 camera.
The experimental design was completely randomized with five treatments, ten replicates and eight plants per replicate, totaling 400 plants. Data were submitted to analysis of variance (ANOVA) using SISVAR (Ferreira 2011) statistical software.
The mean values were compared using ScottKnott's test at 5% probability.
RESULTS AND DISCUSSION
The leaf of B. capitata displayed monostratified epidermis and homogenous mesophyll. However, it was not possible to distinguish the two types of parenchyma in this study. According to Tomlinson et al. (2011) and Sant'anna-Santos et al. (2015) , this species has been classified as isobilateral mesophyll. It is likely that, because the plants did not fully develop and the climatic conditions of the study environment were different to conditions to which this species is accustomed, it was not possible to separate the parenchyma safely;this lead us to classify it as homogenous.
Bulliform cells were observed with all treatments (Figure 1 ). These cells can be an adaptive evolution to a high temperature and radiation environment by providing protection from excess of transpiration during the hot period of the day. Bulliform cells allow leaf rolling which reduces the transpiration area beside various fibers along the leaf limb that are related to tissue support.
The colored shade net promoted a significant difference in the thickness of the epidermis and parenchyma. The plants cultivated under white and silver shade nets and under direct sunlight ) were considered as the control group.
After six months, anatomical analysis was performed using 10 plants per treatment. The leaf and root tissue samples were fixed in a 70% formaldehyde-acetic acid-ethylic ethanol solution (FAA 70%) (Johansen 1940) for 72 h and subsequently conserved in 70% ethanol (v/v). The transverse sections of leaves and roots were obtained using a table microtome (type LPC). The dermis sections were removed using an steel blade. Tissue from both sections were immersed in a sodium hypochlorite (50% of active chloride) solution and then washed in distilled water. The transverse sections of leaves were stained with safrablau solution (safranin 0.1% and astra blue 1%); the dermic and transverse sectionsof roots were stained with safranin 1% solution.Thereafter, the sections were placed in a semi-permanent lamina with glycerinplus water (Kraus and Arduin 1997) .
The laminas were examined using an optical microscope (model Olympus BX 60) attached to a microcomputer with an image capturing program and photographed usinga Canon A360 digital camera. The images were analyzed using ImagePro Plus software,with measurement of six fields per replication for each variable analyzed. Within each field, six measurements were taken and the mean values of data were calculated. For the leaf transverse sections, the thickness of parenchyma (µm) and epidermis (µm) of the adaxial and abaxial side were determined. Root perimeter (mm), exhibited greater thickness of parenchyma and epidermal cells of the adaxial leaf side compared to other treatments (Table I) .
The leaves of plants cultivated under high light incidence, such as in direct sunlight and using silver shade net, are usually thicker than leaves cultivated under the other shade nets (Brant et al. 2011) . High light intensity increases the thickness of abaxial epidermis and parenchyma (Brant et al. 2011 , Castro et. al. 2007 ). The increase in the intensity of light proportionally increases leaf thickness, leaf mass, epidermis and parenchyma thickness and the total number of leaf cells (Dickison 2000) . However, Gondim etal. (2008) According to Shahak et al. (2004) and Taiz and Zeiger (2013), the epidermis is transparent in visible light and its cells possess an external convex wall and lenticular format. In this format it can function as a lens and concentrate the light, thereby the quantity of light that reaches the chloroplast becomes much higher than in the environment. In the present study, the use of white and silver shade nets or no net resulted in thicker epidermal cells (Table I) . As a consequence, less light reached the chloroplasts and the photosynthetic apparatus became more protected against damage caused by excess light, characterized as a factor of anatomical plasticity of epidermis (Taiz and Zeiger 2013). This phenotypic modification has an objective of protecting the chlorophyll of complex antenna from photo oxidation. The increase in the size of the cells in the tissue that constitutes the leaf limb can reduce the arrival of intense light of a wavelength that can mainly affect the photosystem II. In this photosystem is found the D1 protein which is sensitive to excessive light. The photo oxidation can result on the necessity of substitution of this protein affecting directly photosynthesis and productivity of the plant as well as its survival.
Similar results were found in tamarind plants (Tamarindus indica L.) which presented thicker epidermis cells when cultivated under white shade net (Silva et al. 2015) . Plants cultivated under direct sunlight showed the greatest thickness of abaxial epidermis when compared to the other treatments. However, among the colored shade nets, the silver one exhibited higher values of this variable (Table  I) . These results showed high phenotypic plasticity of the leaves, in that the plants exposed to direct sunlight had greater investment in the epidermis, protecting the leaves against water loss,in addition to protecting against photo-oxidation of the chlorophyll and photosystems.
According to Lee et al. (2000) , plants maintained under high levels of radiation presented thicker epidermis in one or both sides of the leaf surface. Leaf plasticity is influenced by the change in the thickness, area and other characteristics of the plant due the increase or decrease in the production of primary and secondary metabolites. This thickness enlargement can be an adaptive plant response by reflecting the excessive radiation and avoiding water loss and volatilization (Whatley and Whatley 1982, Letchano and Gosselin 1996) . The results reported in this study agree with those of Brant et al. (2010) for Melissa officinalis L. plants, where they found thicker abaxial epidermis in plants cultivated under direct sunlight. Taiz and Zeiger (2013) affirmed that leaves submitted to direct sunlight were thicker and possessed longer parenchymal palisade cells than shaded plants.
Besides, the treatments with no net, or white or silver shade nets also produced thicker parenchyma. This may occur because these two types of nets did not influence the quality of the radiation when compared to the other nets utilized. Consequently, the plants behaved as it they were cultivated in direct sunlight.
In relation to stomatal characteristics, the leaves of the jelly palm had tetracytic type stomata on both sides of the leaf limb, being denominated as amphestomatic leaves according to Sant'annaSantos et al. (2015) (Figure 1 ). The use of silver net or no net resulted in higher stomatal density on the adaxial surface of the leaf compared to other treatments. The red and black shade nets increased stomatal density on the abaxial face compared to the white shade net. There was no significant difference between treatments in stomatal density on the abaxial surface of the leaf (Table II) .
Higher stomatal density is generally related to high stomatal conductance (Justo et al. 2005) , preventing inhibition of photosynthesis under adverse conditions (Lima Junior et al. 2006 ) and increasing the absorption of CO 2 which leads to a high photosynthetic rate (Niinemets and Tenhunen 1997).
Our results are in accordance with those of Silva Júnior et al. (2012) .These authors reported higher stomatal density on the abaxial face of orchid leaves (Laelia purpurata var. cárnea) grown with no shade net compared to those grown with shade nets. Martins et al. (2009) also found high stomatal density on the abaxial surface of leaves of Ocimum gratissimum plants cultivated in direct sunlight.
Use of silver shade net or no net produced high stomatal density on the abaxial surface of the leaf, representing high phenotypic plasticity in plants with these two treatments (Table II) .
The red and white shade nets and no net treatment produced higher PD/ED ratio onthe adaxial surface compared to other treatments. In contrast, the PD/ED ratio onthe abaxial surface was higher in plants cultivated with red or black shade net (Table II) .
According to Sha Valli Khan et al. (2002) , the stomata tend to be elliptic when the PD/ED ratio is high, which may result in their high functionality. The variation in the size and the density of the stomata is evidence that plants possess the capacity to rearrange these epidermal structures in response to environmental changes by increasing theiractive involvement in gas exchange and transpiration (Rossatto et al. 2009 ). Thus, the distinct response found in this study demonstrated the anatomical plasticity of Butia capitata in function of the growing environment.
With regard to root anatomy, the colored shade nets resulted in a significant difference in root perimeter, thickness of epidermis and parenchyma, and root area (Table III) . The roots exhibited a normal aspect with all treatments, with a well-developed layer of epidermis involving all structures. The parenchymal cells were also well developed with a relatively uniform size from the exterior to the interior. This tissue is characterized as a good means of water storage. The external root cell wall was thicker, characterizing its function as protection against possible aggression originating from the soil (Figure 1) .
Plants cultivated under the white shade net presented a larger root perimeter, thicker epidermis and larger root area compared to other treatments. Red and black shade net produced larger root perimeter and root area compared to direct sunlight or silver shade net. Treatment with no net produced high values for the same characters asthe black shade net (Table III) . No significant differences were observed between treatments in relation to pericycle perimeter and number of conductor vessels. The greater thickness of the epidermis under white shade net, followed by black shade net, indicated that the reduction of light incidence could positively affect this characteristic. Lower radiation possibly resulted in lower environmental temperature. Therefore, the root could develop without being under high stress. Also, the soil around the roots was less affected by loss of water since it received less radiation which resulted in better development of the epidermis.
Anatomical changes in the roots still need to be investigated as few mechanisms which can explain root growth in the field are known and given that roots are exposed to diverse soil condition within space and time. The root system develops according to genetic parameters.However, the soil conditions where the root grows can also influence it (Rich and Watt 2013), which may explain the difference found in some anatomical characteristics of the root with some of the treatments. Considering that root has direct contact with the soil, the distinct shade nets used in this study can lead to a difference in soil temperature by affecting the physicochemical properties of water (Willing and Leopold 1983) and, therefore, cause changes in the roots.
The reduction in temperature resulting from the use of nets with greater light blocking capacity can interfere with the biological properties of the cell membrane. Tissue expansion at low temperatures can cause lesions in the cell membranedue to the reduced elasticity, which can cause anatomical modification of the roots. In addition, the soil temperature directly affects root growth, metabolism and transport and indirectly affects the aerial parts of the plant. Studies with controlled environmental conditionshave shown that the root grows faster at higher temperatures up to certain limit (Gregory 2006) . Once root elongation rate increases with the increase in temperature, a higher rate of cellular division can be observed to result (Macduff and Hopper 1986, Pahlavanian and Silk 1988) or,in some cases, may not affect it (Abbas Al-Ani and Hay 1983).
The soil condition strongly influenced the root architecture due to impedance (physical stress), which reduces the elongation rate and affects water, oxygen and nutrient availability (Gliński and Lipiec 1990, Gregory 2006) . Roots of maize grown at temperatures above 24ºC had reduced total biomass (Nagel et al. 2009 ), which indicates less investment in biomass. However, the effect of soil temperature on roots and how this interaction can affect root anatomy is still not well understood. This subject provides a vast field for study in the future.
CONCLUSIONS
Use of no net, or white or silver shade nets resulted in high investment in the enlargement of epidermal and parenchymal cells due to the effect of stressful conditionson plants.
Use of silver shade net or no net resulted in greater stomatal density in the adaxial surface of the leaf. Red shade net produced higher PD/ ED relation on both leaf surfaces.This means that the stomata tend to be elliptical, resulting in high functionality of the stomata. Therefore, the quality of the stomata is more important than their quantity.
The white shade net improved the anatomical characteristics of roots of Butia capitata.
The red shade produced better anatomical characteristics compared to the other shade nets or no net. Therefore, this shade net is the most indicated for growth of Butia capitata.
